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Language	  is	  an	  essential	  aspect	  of	  cognition,	  and	  the	  role	  it	  plays	  in	  scaffolding	  executive	  functions	  is	  of	  great	  interest	  in	  understanding	  self-­‐control.	  In	  the	  current	  line	  of	  research,	  the	  goal	  was	  to	  understand	  how	  the	  role	  of	  inner	  speech	  may	  help	  to	  facilitate	  performance	  on	  a	  goal	  neglect	  task	  that	  requires	  maintenance	  of	  several	  conditional	  rules	  as	  well	  as	  inhibition	  of	  a	  prepotent	  response.	  By	  determining	  exactly	  how	  the	  use	  of	  inner	  speech	  can	  improve	  performance	  in	  this	  task,	  it	  can	  broaden	  our	  understanding	  of	  what	  role	  language	  plays	  in	  different	  aspects	  of	  executive	  control	  and	  how	  inner	  speech	  is	  used	  to	  not	  only	  passively	  store	  information	  but	  to	  assist	  in	  self	  control	  of	  behavior.	  The	  current	  study	  systematically	  examined	  how	  inner	  speech	  facilitates	  task	  performance	  by	  investigating	  the	  detrimental	  effects	  of	  articulatory	  suppression,	  or	  saying	  task-­‐irrelevant	  words	  while	  completing	  a	  task,	  while	  manipulating	  variables	  aimed	  to	  investigate	  which	  of	  the	  specific	  mechanisms	  underlying	  the	  task	  are	  supported	  by	  inner	  speech.	  	  	  Several	  studies	  have	  found	  that	  articulatory	  suppression	  leads	  to	  a	  disruption	  in	  inner	  speech	  that	  impairs	  people	  in	  certain	  control	  tasks	  (Baldo	  et	  al.,	  2004;	  Baddeley,	  Cincotta,	  &	  Adlam,	  2001;	  Emerson	  &	  Miyake,	  2003	  Karbach,	  Mang,	  &	  Kray,	  2010;	  Goschke,	  2000;	  Liefooghe	  et	  al.,	  2005;	  Miyake	  et	  al.,	  2004;	  Bryck	  &	  Mayr	  2005;	  Saeki	  &	  Saito,	  2004;	  Saeki	  &	  Saito,	  2009;	  Saeki,	  Saito,	  &	  Kawaguchi,	  2006).	  These	  findings	  suggest	  that	  language	  can	  play	  a	  supportive	  role	  in	  executive	  control.	  Inner	  speech	  supports	  performance	  in	  executive	  tasks	  in	  set-­‐shifting	  capabilities	  by	  providing	  an	  internal	  cueing	  mechanism	  to	  help	  cue	  the	  current	  task	  	  (Baddeley,	  Cincotta,	  &	  Adlam,	  2001;	  Emerson	  &	  Miyake,	  2003;	  Karbach,	  Mang,	  &	  Kray,	  2010;	  Goschke,	  2000;	  Liefooghe	  et	  al.,	  2005;	  Miyake	  et	  al.,	  2004;	  Bryck	  &	  Mayr	  2005;	  Saeki	  &	  Saito,	  2004;	  Saeki	  &	  Saito,	  2009;	  Saeki,	  Saito,	  &	  Kawaguchi,	  2006).	  In	  task-­‐switching	  experiments,	  a	  cue	  is	  either	  presented	  prior	  to	  presentation	  of	  the	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stimuli,	  or	  the	  switch	  must	  be	  predictable	  so	  that	  participants	  can	  cue	  themselves,	  thus	  the	  cue	  must	  be	  known	  or	  interpreted	  before	  the	  participant	  can	  know	  how	  to	  respond.	  This	  cue	  is	  commonly	  associated	  with	  single	  words	  that	  can	  symbolically	  instantiate	  the	  task	  set.	  If	  no	  cue	  is	  provided	  or	  the	  cue	  must	  be	  interpreted,	  switch	  costs	  are	  increased	  under	  articulatory	  suppression	  conditions	  due	  to	  extra	  processing	  time	  without	  the	  aid	  of	  inner	  speech,	  leading	  to	  the	  conclusion	  that	  inner	  speech	  provides	  people	  an	  internal	  cueing	  mechanism	  in	  task-­‐switching	  scenarios	  (Miyake	  et	  al.,	  2004).	  Articulatory	  suppression	  leads	  to	  negative	  effects	  in	  other	  tasks	  that	  require	  aspects	  of	  executive	  control.	  For	  example,	  Baldo	  et	  al.	  (2004)	  found	  that	  articulatory	  suppression	  led	  to	  reduced	  performance	  in	  the	  Wisconsin	  Card	  Sorting	  task,	  which	  requires	  shifting	  and	  updating,	  thereby	  providing	  evidence	  that	  language	  supports	  executive	  functions.	  	  Additionally,	  several	  studies	  investigating	  the	  role	  of	  language	  in	  executive	  functions	  across	  the	  lifetime	  conclude	  that	  children	  and	  older	  adults	  benefit	  the	  most	  from	  task	  relevant	  verbalization	  	  (Kray,	  Eber,	  &	  Karbach,	  2008;	  Karbach	  &	  Kray,	  2008;	  Kray,	  Eber,	  &	  Lindenberger,	  2004;	  Karbach,	  Mang,	  &	  Kray,	  2010;	  Kray,	  Kipp,	  &	  Karback,	  2009;	  Muller	  et	  al.,	  2004).	  Because	  older	  adults	  and	  children	  have	  weaker	  executive	  functions,	  this	  suggests	  that	  language	  might	  play	  a	  role	  in	  scaffolding	  developing	  or	  declining	  executive	  functions.	  	  Both	  Vygotsky	  (1934)	  and	  Luria	  (1959)	  suggested	  that	  the	  development	  of	  inner	  speech	  and	  language	  is	  crucial	  to	  the	  development	  of	  self-­‐control.	  More	  recently	  studies	  have	  shown	  that	  task-­‐relevant	  labeling	  increases	  performance	  for	  children	  in	  several	  EF	  tasks,	  and	  there	  are	  developmental	  changes	  that	  correspond	  with	  the	  ability	  to	  internalize	  speech	  (Karbach	  &	  Kray,	  2007;	  Kray,	  Eber,	  &	  Karbach,	  2007).	  For	  example,	  5	  and	  6	  year-­‐olds	  were	  able	  to	  perform	  better	  on	  the	  Advanced	  Dimensional	  Card	  Sort	  when	  cues	  were	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more	  transparent,	  but	  the	  effect	  of	  cue-­‐transparency	  decreased	  in	  7	  to	  9	  year-­‐olds	  suggesting	  that	  inner	  speech	  is	  better	  developed	  in	  older,	  hence	  these	  effects	  begin	  to	  disappear	  (Chevalier	  &	  Blaye,	  2009).	  This	  also	  suggests	  that	  executive	  function	  ability	  improves	  in	  children	  with	  the	  development	  of	  inner	  speech,	  meaning	  that	  these	  language	  and	  executive	  functions	  are	  closely	  tied	  together	  in	  development.	  	  Very	  few	  studies	  have	  investigated	  the	  role	  of	  inner	  speech	  in	  response	  inhibition	  when	  a	  more	  prepotent	  response	  must	  be	  overcome.	  Using	  a	  modified	  stop	  signal	  task	  similar	  to	  the	  current	  experiment,	  older	  adults,	  children,	  and	  young	  adults	  of	  participants	  completed	  the	  task	  under	  four	  verbalization	  conditions;	  naming	  the	  stimulus,	  naming	  the	  action,	  naming	  something	  irrelevant,	  or	  no	  verbalization	  (Kray,	  Kipp,	  &	  Karbach,	  2008).	  Naming	  the	  action	  helped	  the	  most	  in	  this	  task,	  leading	  to	  the	  conclusion	  that	  verbalization	  might	  only	  be	  helping	  to	  initiate	  the	  response,	  not	  during	  the	  response	  inhibition	  phase	  of	  the	  task.	  Based	  on	  these	  results,	  language	  helps	  more	  to	  deal	  with	  the	  stimuli	  and	  less	  with	  helping	  to	  initiate	  a	  response.	  	  Using	  a	  go/no-­‐go	  task,	  people	  made	  less	  omission	  errors	  (not	  going	  when	  they	  should	  have)	  and	  more	  commission	  errors	  (going	  when	  they	  should	  have	  withheld	  a	  response)	  under	  articulatory	  suppression	  when	  compared	  to	  a	  pattern	  tapping	  condition,	  where	  participants	  tapped	  a	  pattern	  with	  the	  hand	  not	  making	  responses	  (Tullett	  &	  Inzlecht,	  2010).	  In	  addition,	  participants	  performed	  faster	  in	  the	  articulatory	  suppression	  condition.	  These	  results	  led	  to	  the	  more	  general	  conclusion	  that	  language	  helps	  to	  prevent	  impulsivity.	  However,	  comparing	  reaction	  times	  between	  the	  pattern	  tapping	  condition	  and	  the	  articulatory	  suppression	  condition	  is	  not	  a	  fair	  comparison	  because	  the	  pattern	  tapping	  was	  performed	  with	  one	  hand	  and	  buttons	  were	  pressed	  using	  the	  other.	  Therefore,	  the	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pattern	  tapping	  condition	  could	  have	  slowed	  reaction	  times.	  Although	  these	  two	  studies	  provide	  evidence	  that	  inner	  speech	  plays	  some	  role	  in	  guiding	  behavior	  in	  response	  inhibition,	  it	  is	  unclear	  exactly	  what	  mechanisms	  are	  actually	  being	  facilitated	  by	  language	  in	  these	  types	  of	  tasks.	  	  	  	  In	  the	  current	  study,	  we	  chose	  and	  modified	  a	  go/no-­‐go	  task	  created	  for	  study	  in	  goal	  neglect	  (Duncan	  et	  al.,	  2008).	  While	  very	  similar	  to	  the	  task	  that	  was	  used	  in	  the	  Tullett	  and	  Inzlecht	  (2010)	  study,	  it	  is	  more	  difficult,	  and	  there	  are	  more	  rules	  to	  keep	  track	  of.	  By	  choosing	  a	  go/no-­‐go	  paradigm	  we	  address	  some	  of	  the	  questions	  from	  previous	  research	  with	  this	  task.	  We	  also	  chose	  a	  goal	  neglect	  paradigm	  to	  ensure	  that	  errors	  were	  truly	  failures	  to	  carry	  out	  the	  task.	  The	  term	  goal	  neglect	  was	  introduced	  by	  Duncan	  et	  al.	  (1996,	  2008)	  to	  describe	  the	  failure	  of	  participants	  to	  carry	  out	  task	  instructions	  despite	  being	  able	  to	  report	  the	  correct	  instructions.	  Originally,	  goal	  neglect	  was	  studied	  in	  patients	  with	  frontal	  lobe	  injuries	  because	  they	  carry	  out	  many	  more	  of	  these	  types	  of	  errors,	  leading	  to	  the	  conclusion	  that	  executive	  regions	  play	  a	  role	  in	  goal	  neglect.	  	  This	  task	  not	  only	  requires	  response	  inhibition	  but	  also	  requires	  maintenance	  of	  several	  task	  rules	  where	  proper	  go/no-­‐go	  responses	  are	  determined	  by	  the	  configuration	  of	  the	  stimuli	  observed	  on	  the	  screen.	  The	  task	  was	  selected	  for	  its	  greater	  complexity	  compared	  to	  a	  typical	  go/no	  go	  task	  so	  that	  more	  variables	  could	  be	  manipulated.	  Also,	  looking	  at	  this	  using	  the	  goal	  neglect	  paradigm	  allows	  us	  to	  ensure	  that	  participants	  who	  do	  not	  properly	  report	  the	  rules	  are	  excluded	  from	  analysis,	  making	  it	  certain	  that	  any	  errors	  were	  failures	  to	  carry	  out	  the	  goal	  representations.	  	  In	  the	  task,	  participants	  observed	  pairs	  of	  colored	  shapes	  and	  were	  asked	  to	  either	  respond	  with	  a	  go	  or	  no-­‐go	  response	  based	  on	  several	  if/then	  rules	  (see	  Figure	  1	  for	  trial	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types).	  In	  all	  five	  experiments,	  participants	  were	  exposed	  to	  three	  within-­‐subject	  dual-­‐task	  conditions	  while	  performing	  the	  goal	  neglect	  task:	  articulatory	  suppression,	  foot	  tapping,	  and	  control.	  Accuracy	  performance	  and	  response	  times	  were	  collected.	  Accuracies	  should	  reflect	  the	  effects	  of	  articulatory	  suppression	  (or	  inner	  speech)	  in	  this	  task	  since	  it	  is	  rather	  difficult.	  Participant’s	  performance	  in	  the	  articulatory	  suppression	  condition	  was	  expected	  to	  suffer	  in	  accuracy	  in	  comparison	  to	  the	  foot	  tapping	  condition	  in	  some	  way,	  which	  is	  the	  key	  comparison	  because	  participants	  performed	  dual-­‐tasks	  in	  these	  conditions.	  There	  are	  several	  hypotheses	  about	  the	  role	  of	  inner	  speech	  in	  this	  task,	  based	  on	  the	  control	  mechanisms	  required	  in	  the	  task.	  	  -­‐Specific	  Labeling	  Hypothesis-­‐	  People	  create	  verbal	  representations	  of	  all	  or	  some	  of	  the	  rules	  in	  order	  to	  help	  keep	  track	  of	  specific	  rules.	  This	  would	  result	  in	  either	  equal	  articulatory	  suppression	  effects	  across	  all	  rules	  if	  verbal	  representations	  are	  created	  for	  each	  rule,	  or	  a	  pattern	  where	  one	  or	  more	  trial	  types	  is	  consistently	  affected	  by	  articulatory	  suppression	  regardless	  of	  the	  variables	  changed	  between	  experiments.	  This	  would	  be	  true,	  if	  the	  role	  of	  inner	  speech	  in	  the	  task	  is	  to	  create	  verbal	  representations	  that	  help	  to	  cue	  the	  correct	  response.	  	  -­‐Frequency	  hypothesis:	  Because	  certain	  trials	  occur	  more	  frequently,	  particpants	  use	  inner	  speech	  to	  create	  and	  recruit	  verbal	  representations	  of	  the	  less	  frequent	  trials	  because	  they	  are	  less	  prepotent	  and	  more	  difficult.	  Thus,	  we	  would	  observe	  articulatory	  suppression	  effects	  in	  less	  frequent	  trials	  and	  not	  in	  the	  more	  frequent	  trial	  types.	  	  This	  would	  indicate	  that	  inner	  speech	  was	  helping	  to	  overcome	  prepotency.	  Typically,	  the	  go/no-­‐go	  paradigm	  is	  used	  with	  very	  infrequent	  no-­‐go	  responses,	  leading	  to	  the	  no-­‐go	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response	  being	  less	  prepotent,	  meaning	  that	  in	  a	  typical	  go/no-­‐go	  task	  inner	  speech	  would	  be	  helping	  in	  the	  less	  frequent	  no-­‐go	  response.	  	  -­‐Stopping	  hypothesis:	  People	  recruit	  inner	  speech	  to	  help	  themselves	  stop	  on	  no-­‐go	  trials.	  If	  this	  is	  true,	  then	  there	  should	  be	  a	  pattern	  where	  articulatory	  suppression	  effects	  are	  observed	  in	  just	  no-­‐go	  trials,	  regardless	  of	  the	  other	  variables	  manipulated.	  This	  should	  be	  the	  case	  even	  when	  no-­‐go	  trials	  are	  more	  frequent,	  and	  when	  there	  is	  no	  stopping	  component	  to	  the	  task,	  articulatory	  suppression	  effects	  should	  disappear.	  	  	   The	  previous	  experiments	  that	  examined	  response	  inhibition	  and	  inner	  speech	  used	  more	  simple	  tasks	  with	  less	  rules,	  which	  would	  have	  made	  it	  difficult	  to	  understand	  if	  this	  is	  the	  role	  that	  inner	  speech	  performs	  in	  these	  types	  of	  tasks.	  In	  the	  Kray	  and	  Karbach	  (2008)	  paper,	  verbalizing	  the	  stimulus	  helped	  more	  than	  verbalizing	  an	  action	  in	  the	  stop	  signal	  task.	  If	  participants	  used	  language	  to	  help	  with	  the	  task	  element	  of	  the	  stop	  signal	  task	  and	  not	  to	  deal	  with	  the	  stop	  signal	  itself,	  these	  results	  would	  be	  compatible	  with	  the	  labeling	  hypothesis.	  	  	  	  Either	  the	  frequency	  hypothesis	  or	  the	  stopping	  hypothesis	  for	  inner	  speech	  in	  this	  task	  is	  compatible	  with	  the	  Tullett	  and	  Inzlecht	  (2010)	  study	  because	  participants	  committed	  more	  commission	  errors	  overall	  with	  articulatory	  suppression	  compared	  to	  foot	  tapping.	  	  Experiment	  1	  tested	  these	  hypotheses	  and	  investigated	  what	  trials	  articulatory	  suppression	  affected.	  Experiment	  2	  utilized	  a	  similar	  design	  to	  explore	  the	  role	  of	  frequency	  of	  go	  and	  no-­‐go	  responses	  to	  test	  the	  frequency	  hypothesis.	  The	  results	  of	  the	  Tullett	  and	  Inzlecht	  (2010)	  study	  would	  suggest	  that	  this	  manipulation	  would	  lead	  to	  articulatory	  suppression	  effects	  moving	  to	  the	  less	  frequent	  go	  trials	  with	  this	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manipulation.	  If	  inner	  speech	  helps	  to	  prevent	  impulsivity	  then	  it	  would	  be	  expected	  that	  the	  now	  less	  frequent	  go	  response	  might	  become	  the	  less	  impulsive	  response.	  Experiment	  3	  reversed	  the	  responses	  required	  for	  the	  rules	  to	  ensure	  that	  articulatory	  suppression	  effects	  were	  not	  contingent	  upon	  stimulus-­‐response	  mappings.	  This	  further	  investigates	  the	  labeling	  hypothesis	  to	  test	  whether	  two	  trials	  that	  were	  previously	  no-­‐go	  trials	  weren’t	  being	  specifically	  labeled	  because	  of	  something	  specific	  to	  the	  trials.	  If	  articulatory	  suppression	  effects	  stay	  in	  the	  two	  match	  and	  no	  match	  trials	  despite	  being	  go	  trials,	  this	  would	  support	  the	  results	  of	  the	  Karbach	  &	  Kray	  (2008)	  study	  suggesting	  that	  inner	  speech	  helps	  name	  stimuli	  more	  than	  it	  helps	  in	  the	  response	  phase	  of	  the	  task.	  Finally,	  Experiment	  4	  and	  5	  examined	  this	  task	  using	  conditions	  that	  did	  not	  require	  stopping	  to	  observe	  if	  the	  negative	  effects	  of	  articulatory	  suppression	  were	  sustained	  when	  the	  stopping	  component	  was	  removed	  from	  the	  task.	  To	  preview	  the	  conclusion,	  the	  results	  of	  the	  five	  experiments	  provide	  support	  for	  the	  stopping	  hypothesis	  in	  the	  context	  of	  the	  current	  goal	  neglect	  go/no-­‐go	  task.	  	  	  
Experiment	  1	  	   In	  Experiment	  1,	  the	  goal	  was	  to	  begin	  testing	  hypotheses	  that	  could	  be	  predicted	  using	  articulatory	  suppression	  in	  this	  task.	  Participants	  learned	  the	  five	  rules	  and	  completed	  the	  task	  under	  all	  three	  dual-­‐task	  conditions	  (articulatory	  suppression,	  foot	  tapping,	  control).	  Here,	  we	  were	  most	  interested	  in	  understanding	  what	  trial	  types	  articulatory	  suppression	  hurts	  in	  this	  task.	  If	  equal	  articulatory	  suppression	  effects	  were	  observed	  across	  different	  rules,	  then	  this	  supports	  the	  labeling	  hypothesis,	  because	  this	  would	  be	  evidence	  that	  some	  kind	  of	  verbal	  representation	  helps	  people	  to	  identify	  the	  rule	  across	  all	  trials.	  However,	  if	  articulatory	  suppression	  effects	  exist	  only	  in	  no-­‐go	  trials,	  then	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these	  results	  support	  either	  the	  frequency	  hypothesis	  because	  no-­‐go	  trials	  were	  less	  frequent,	  or	  the	  stopping	  hypothesis	  because	  language	  is	  facilitating	  trials	  when	  stopping	  a	  response	  was	  required.	  	  
Methods	  
Participants.	  Forty-­‐two	  undergraduate	  students	  from	  the	  University	  of	  Colorado	  participated	  in	  the	  study	  for	  Introductory	  Psychology	  course	  credit.	  Three	  student’s	  data	  were	  replaced	  because	  they	  could	  not	  report	  the	  correct	  rules	  at	  the	  end	  of	  the	  experiment.	  	  
Materials	  and	  procedure.	  This	  experiment	  used	  a	  repeated-­‐measures	  design	  in	  which	  participants	  performed	  the	  goal-­‐neglect	  shape	  task	  under	  all	  three	  conditions:	  concurrently	  with	  articulatory	  suppression,	  foot	  tapping,	  or	  with	  no	  secondary	  task.	  All	  conditions	  were	  completely	  counterbalanced	  across	  participants,	  with	  a	  total	  of	  6	  ordering	  conditions.	  	  	   The	  goal-­‐neglect	  shape	  task	  was	  presented	  on	  an	  E-­‐Mac	  with	  a	  program	  that	  was	  created	  in	  PsyscopeB51.	  During	  each	  trial,	  up	  to	  two	  shapes	  appeared	  on	  the	  screen	  for	  600	  ms,	  followed	  by	  a	  blank	  screen	  for	  1600	  ms.	  Participants	  could	  respond	  at	  any	  time	  before	  the	  next	  set	  of	  stimuli	  was	  presented.	  Possible	  shapes	  included	  triangles,	  squares,	  and	  circles,	  and	  they	  were	  presented	  in	  the	  colors	  red,	  green,	  or	  blue.	  When	  two	  shapes	  matched	  in	  only	  color	  or	  in	  only	  shape	  (one-­‐match	  trials)	  or	  when	  only	  one	  shape	  appeared	  (one-­‐shape	  trials),	  participants	  were	  instructed	  to	  press	  the	  (k)	  key	  as	  quickly	  and	  accurately	  as	  possible	  (see	  Figure	  1	  for	  trial	  types	  and	  frequencies).	  However,	  on	  trials	  where	  shapes	  matched	  in	  both	  color	  and	  shape	  (two-­‐match	  trials)	  or	  on	  trials	  where	  shapes	  do	  not	  match	  at	  all	  (no-­‐match	  trials),	  participants	  were	  instructed	  to	  make	  no	  response.	  Each	  of	  the	  four	  types	  of	  trials	  (color-­‐match	  only	  and	  shape-­‐match	  only	  trials	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were	  combined	  for	  analysis)	  occurred	  in	  equal	  proportions.	  Sixty	  percent	  of	  trials	  were	  go	  trials	  and	  40	  percent	  of	  the	  trials	  were	  no-­‐go	  trials.	  	  	   Participants	  were	  first	  instructed	  how	  to	  properly	  perform	  the	  articulatory	  suppression	  and	  foot	  tapping	  tasks	  independently.	  At	  this	  point,	  a	  metronome	  was	  set	  to	  a	  beat	  of	  80	  beats	  per	  minute	  (one	  beat	  per	  750	  ms),	  which	  was	  utilized	  to	  keep	  rhythm	  for	  both	  secondary	  tasks.	  Participants	  were	  asked	  to	  practice	  for	  approxiamtely	  one	  minute	  by	  tapping	  their	  foot	  on	  a	  slanted	  footrest	  sharply	  and	  exactly	  once	  per	  beat	  of	  the	  metronome.	  Then	  they	  were	  asked	  to	  practice	  speaking	  the	  word	  “Monday”	  for	  about	  one	  minute	  sharply	  and	  exactly	  once	  per	  beat	  without	  slurring	  or	  running	  the	  word	  together.	  	  	   Next,	  participants	  were	  instructed	  on	  the	  rules	  of	  the	  computer	  task	  followed	  by	  40	  practice	  trials.	  After	  this	  block,	  the	  experimenter	  would	  verify	  that	  the	  rules	  were	  remembered	  accurately.	  Participants	  completed	  two	  more	  20	  trial	  blocks	  to	  practice	  the	  task	  with	  each	  of	  the	  secondary	  tasks.	  After	  one	  more	  check	  by	  the	  experimenter	  to	  ensure	  that	  rules	  were	  still	  remembered,	  participants	  completed	  24	  blocks	  each	  with	  30	  trials.	  Two	  blocks	  were	  completed	  of	  each	  condition	  before	  moving	  to	  the	  next	  condition.	  Participants	  cycled	  through	  each	  condition	  a	  total	  of	  four	  times	  throughout	  the	  experiment.	  The	  experimenter	  closely	  monitored	  the	  performance	  on	  the	  secondary	  task	  throughout	  the	  experiment	  to	  ensure	  that	  performance	  did	  not	  decline.	  At	  the	  end	  of	  the	  goal	  neglect	  shape	  task,	  the	  experimenter	  checked	  one	  final	  time	  to	  ensure	  that	  the	  participant	  retained	  the	  rules.	  If	  a	  rule	  was	  forgotten,	  then	  the	  data	  was	  excluded.	  	  
Results	  	  
	  	   Accuracy	  rates	  were	  analyzed	  in	  a	  3	  (dual-­‐task	  conditions)	  X	  4	  (trial	  types)	  within-­‐subjects	  ANOVA.	  	  RTs	  are	  reported	  in	  appendix	  1.	  An	  analysis	  was	  also	  run	  with	  the	  arcsine	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transformation	  of	  the	  accuracies,	  but	  effects	  were	  the	  same,	  thus	  ANOVAs	  are	  reported	  with	  raw	  accuracies.	  Additionally,	  no	  significant	  differences	  were	  found	  in	  performance	  between	  the	  shape-­‐match	  only	  and	  color-­‐match	  only	  trial	  type,	  and	  they	  are	  quite	  similar	  trials,	  thus	  these	  were	  combined	  for	  analysis	  and	  called	  the	  one-­‐match	  trial.	  	  The	  main	  effect	  of	  dual-­‐task	  condition	  was	  significant,	  indicating	  significant	  differences	  between	  the	  three	  dual-­‐task	  conditions	  (articulatory	  suppression,	  foot-­‐tapping,	  and	  control)	  F(2,41)=18.38,	  ηp2=.310,	  p	  <.001.	  Planned	  contrasts	  revealed	  that	  the	  articulatory	  suppression	  accuracy	  percentages	  (M=82.9%)	  were	  significantly	  lower	  than	  the	  accuracy	  in	  foot	  tapping	  (M=86.1%),	  F(1,41)=10.34,	  ηp2=.201,	  p=.003.	  	  Thus,	  articulatory	  suppression	  had	  negative	  effects	  above	  and	  beyond	  those	  for	  foot	  tapping.	  	  There	  were	  significant	  differences	  in	  performance	  between	  trial	  types,	  F(3,41)=55.33,	  ηp2=.574,	  p<.038.	  One	  shape	  accuracy	  (M=96.2%)	  was	  significantly	  better	  than	  one	  match	  accuracy	  (M=93.8%),	  F(1,41)=4.60,	  ηp2=.101.,	  p=.038.	  Additionally,	  performance	  was	  better	  in	  two	  match	  trials	  (M=78.9%)	  than	  in	  no	  match	  trials	  (M=74.2%),	  F(1,41)=7.96,	  ηp2=.114.,	  p=.027.	  However,	  the	  key	  question	  was	  whether	  these	  differences	  in	  trials	  interacted	  with	  the	  dual-­‐task	  condition.	  	  A	  significant	  interaction	  between	  trial	  type	  and	  condition	  (see	  Figure	  2	  for	  accuracy	  means	  by	  condition	  and	  trial	  type)	  indicated	  that	  differences	  in	  performance	  on	  trial	  types	  depended	  on	  dual-­‐task	  condition	  performance,	  F(2,41)=6.67,	  ηp2=.140,	  p<.001.	  Overall,	  there	  were	  no	  significant	  differences	  in	  one	  match	  accuracies	  when	  comparing	  articulatory	  suppression	  (M=95.1%)	  to	  foot	  tapping	  (M=95.2%),	  F(1,41)=.139,	  ηp2=.003,	  p=.711.	  This	  was	  also	  true	  when	  comparing	  articulatory	  suppression	  (M=92.8%)	  and	  foot	  tapping	  (93.2%)	  for	  the	  one	  shape	  trials,	  F(1,41)=.003,	  ηp2=.000,	  p=.960.	  However,	  there	  were	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significant	  differences	  found	  when	  comparing	  foot	  tapping	  (M=80.0%)	  and	  articulatory	  suppression	  (M=75.0%)	  for	  two	  match	  trials,	  F(1,41)=10.92,	  ηp2=.210,	  p=.002.	  Reliable	  differences	  were	  also	  found	  between	  foot-­‐taping	  (M=81.2%)	  and	  articulatory	  suppression	  accuracies	  (M=75.8%)	  within	  no-­‐match	  trials,	  F(1,41)=17.75,	  ηp2=.302,	  p	  <.001.	  Thus	  inner	  speech	  played	  a	  significant	  role	  only	  in	  no-­‐go	  trials.	  	  	  
Discussion	  In	  Experiment	  1,	  articulatory	  suppression	  produced	  significantly	  more	  errors	  compared	  to	  foot	  tapping	  in	  both	  types	  of	  no-­‐go	  trials	  (no-­‐match	  and	  two-­‐match	  trials).	  Participants	  spontaneously	  generated	  inner	  speech	  to	  assist	  in	  the	  task,	  but	  inner	  speech	  was	  particularly	  useful	  in	  no-­‐go	  trials.	  	  These	  results	  support	  either	  the	  frequency	  hypothesis	  because	  no-­‐go	  trials	  were	  less	  frequent	  or	  the	  stopping	  hypothesis	  because	  articulatory	  suppression	  effects	  were	  only	  seen	  within	  no-­‐go	  trials.	  Also,	  the	  labeling	  hypothesis	  cannot	  be	  completely	  ruled	  out	  because	  participants	  are	  obviously	  labeling	  trials	  in	  some	  systematic	  way,	  but	  it	  is	  not	  clear	  how.	  By	  testing	  these	  hypotheses	  further,	  better	  conclusions	  can	  be	  made	  about	  how	  inner	  speech	  is	  being	  used	  in	  this	  task.	  	  	  
Experiment	  2	  	   In	  Experiment	  2,	  the	  goal	  was	  to	  test	  the	  frequency	  hypothesis.	  In	  Experiment	  1,	  no-­‐go	  trials	  in	  particular	  were	  negatively	  affected	  by	  articulatory	  suppression.	  This	  could	  be	  because	  go	  trials	  were	  more	  frequent,	  making	  no-­‐go	  trials	  more	  difficult	  because	  they	  occured	  less	  often	  as	  suggested	  by	  the	  frequency	  hypothesis.	  Another	  possibility	  is	  that	  inner	  speech	  is	  helped	  participants	  to	  stop	  their	  response	  in	  this	  task,	  which	  supports	  the	  stopping	  hypothesis.	  In	  this	  experiment,	  we	  manipulated	  frequency	  to	  test	  these	  hypotheses.	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Optimally,	  we	  would	  have	  liked	  to	  test	  more	  extreme	  frequencies	  than	  we	  did	  an	  Experiment	  1	  (60%	  Go	  versus	  40%	  No-­‐go),	  but	  pilot	  experiments	  indicated	  that	  when	  no-­‐go	  trials	  occurred	  30%	  of	  the	  time,	  participants	  began	  performing	  at	  less	  than	  chance	  on	  very	  infrequent	  trials.	  Thus,	  in	  this	  experiment,	  the	  60%	  go	  trial	  condition	  from	  Experiment	  1	  was	  used	  minus	  the	  one	  shape	  trials,	  and	  this	  was	  compared	  to	  a	  between-­‐subjects	  40%	  go	  trial	  condition,	  where	  the	  number	  of	  go	  trials	  was	  reduced	  to	  40%	  (see	  Figure	  1	  for	  trials).	  	  	   First,	  the	  analysis	  of	  the	  60%	  go	  trial	  condition	  allowed	  us	  to	  replicate	  the	  results	  of	  Experiment	  1	  without	  the	  one	  shape	  trial	  type.	  More	  importantly,	  by	  comparing	  the	  results	  of	  the	  60%	  go	  condition	  to	  the	  more	  no-­‐go	  condition,	  the	  effects	  of	  articulatory	  suppression	  should	  switch	  to	  the	  now	  less	  frequent	  go	  trials	  inner	  speech	  was	  being	  used	  in	  Experiment	  1	  to	  help	  with	  less	  frequent	  trial	  types.	  However,	  if	  the	  effects	  stay	  in	  the	  no-­‐go	  trials	  despite	  being	  more	  frequent	  than	  the	  go	  trials,	  than	  the	  stopping	  hypothesis	  is	  further	  supported.	  	  
Methods	  
Participants.	  The	  participants	  were	  seventy-­‐two	  undergraduate	  students	  from	  the	  University	  of	  Colorado	  who	  participated	  in	  the	  study	  for	  Introductory	  Psychology	  course	  credit.	  Participants	  were	  randomly	  assigned	  to	  one	  of	  two	  conditions	  with	  thirty-­‐six	  participants	  in	  each	  of	  the	  frequency	  conditions.	  Overall,	  four	  participants	  were	  replaced	  because	  they	  were	  unable	  to	  report	  the	  correct	  rules	  at	  the	  end	  of	  the	  experiment.	  	  
Materials	  and	  procedure.	  This	  experiment	  used	  a	  mixed	  repeated-­‐measures	  design	  in	  which	  participants	  were	  assigned	  to	  one	  of	  two	  frequency	  conditions:	  a	  condition	  where	  no-­‐go	  trials	  occurred	  60	  percent	  of	  trials	  (color-­‐only	  matches	  and	  shape-­‐only	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matches	  each	  were	  30	  percent	  of	  trials),	  and	  no-­‐go	  trials	  occurred	  40	  percent	  of	  trials	  (no-­‐match	  and	  two-­‐match	  trials	  each	  occurred	  20%),	  or	  a	  condition	  in	  which	  these	  probabilities	  were	  reversed	  for	  go	  and	  no-­‐go	  trials.	  	  Additionally,	  the	  one-­‐surround	  trials	  included	  in	  Experiment	  1	  were	  dropped	  from	  this	  experiment	  (see	  Figure	  1	  for	  trial	  types	  and	  frequencies).	  Otherwise,	  all	  methods	  were	  identical	  to	  those	  in	  Experiment	  1.	  	  To	  understand	  what	  participants	  were	  doing	  to	  in	  this	  task,	  we	  also	  collected	  strategy	  reports	  at	  the	  end	  of	  the	  experiment.	  The	  questionnaire	  started	  with	  general	  questions	  asking	  about	  how	  the	  task	  was	  completed	  and	  worked	  toward	  more	  specific	  questions	  about	  the	  use	  of	  inner	  speech	  and	  the	  difficulty	  of	  the	  task.	  The	  experimenter	  read	  the	  questions	  aloud	  to	  the	  participant	  to	  encourage	  them	  to	  discuss	  experience.	  	  
Results	  Accuracy	  rates	  were	  analyzed	  first	  for	  the	  more	  go	  condition	  (go	  trials	  occurred	  60%	  of	  the	  time)	  in	  a	  3	  (dual-­‐task	  condition)	  X	  3	  (trial-­‐type)	  ANOVA	  to	  replicate	  the	  results	  of	  Experiment	  1	  without	  the	  one	  shape	  trial.	  RTs	  are	  reported	  in	  appendix	  1.	  No	  significant	  difference	  was	  found	  in	  accuracy	  between	  shape-­‐only	  matches	  and	  color-­‐only	  so	  these	  trial	  types	  (both	  go	  trials)	  were	  combined	  for	  analysis	  into	  what	  we	  call	  one-­‐match	  trials.	  	  Additionally,	  arcsine	  transforms	  of	  accuracies	  were	  also	  run	  in	  an	  ANOVA,	  but	  this	  did	  not	  change	  the	  pattern	  of	  results,	  so	  the	  results	  are	  reported	  with	  raw	  accuracies.	  	  The	  main	  effect	  of	  dual-­‐task	  condition	  was	  significant	  for	  the	  more	  go	  trial	  (60%)	  condition,	  F(2,35)=29.83,	  ηp2=.475,	  p<.001,	  such	  that	  	  accuracy	  was	  significantly	  lower	  in	  the	  articulatory	  suppression	  condition	  (M=82.0%)	  when	  compared	  to	  the	  foot	  tapping	  condition	  (M=85.9%),	  F(1,35)=27.37,	  ηp2=.453,	  p<.001.	  Also,	  there	  were	  significant	  differences	  between	  accuracies	  within	  trials,	  F(2,35)=59.80,	  ηp2=.453,	  p<.001,	  such	  that	  go	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trials	  (one	  match	  trials)	  (M=96.9)	  were	  more	  accurate	  than	  no-­‐go	  trials	  (M=79.6),	  F(2,35)=114.92,	  ηp2=.777,	  p<.001.	  However,	  the	  key	  question	  was	  whether	  there	  were	  differences	  between	  trials	  that	  depended	  on	  condition.	  	  There	  was	  a	  significant	  interaction	  between	  condition	  and	  trial,	  F(2,34)=5.45	  ηp2=.142,	  p<.001.	  To	  investigate	  whether	  these	  effects	  were	  present	  in	  no-­‐go	  trials	  as	  found	  in	  Experiment	  1,	  planned	  contrasts	  revealed	  that	  accuracy	  on	  two-­‐match	  trials	  was	  significantly	  worse	  in	  articulatory	  suppression	  (M=74.8%)	  than	  compared	  to	  foot	  tapping	  (M=79.8%),	  F(1,35)=8.94,	  ηp2=.213,	  p=.005	  (see	  Figure	  3	  for	  accuracy	  means	  within	  conditions	  and	  trials	  for	  this	  condition).	  Additionally,	  for	  no-­‐match	  trials,	  participants	  also	  performed	  worse	  in	  articulatory	  suppression	  condition	  (M=74.9%)	  than	  in	  foot	  tapping	  (M=81.5%),	  F(1,35)=20.49,	  ηp2=.383,	  p<.0001.	  However	  there	  was	  no	  significant	  difference	  between	  articulatory	  suppression	  (M=96.2%)	  and	  foot	  tapping	  (M=96.4%)	  within	  one	  match	  trials	  (go	  trials),	  F(1,35)=.122,	  ηp2=.004,	  p=.729.	  Therefore,	  the	  results	  for	  Experiment	  1	  were	  replicated	  such	  that	  participants	  performed	  worse	  in	  articulatory	  suppression	  when	  compared	  to	  foot	  tapping	  only	  within	  no-­‐go	  trials.	  	  	   Next,	  accuracy	  rates	  for	  the	  more	  no-­‐go	  trial	  frequency	  condition	  were	  analyzed	  in	  a	  3	  (dual-­‐task	  condition)	  X	  3	  (trial-­‐type)	  ANOVA	  to	  observe	  the	  pattern	  of	  effects	  when	  go	  trials	  only	  occurred	  40	  percent	  of	  the	  time.	  Participants	  performed	  worse	  in	  the	  articulatory	  suppression	  condition	  (M=90.7%)	  when	  compared	  to	  foot	  tapping	  (M=93.0%),	  
F(1,35)=16.01,	  ηp2=.314,	  p<.001.	  Additionally,	  the	  main	  effect	  of	  trial	  was	  marginal,	  F(2,35)=3.06,	  ηp2=.080,	  p=.053,	  indicating	  that	  performance	  on	  trials	  were	  fairly	  similar.	  	  The	  interaction	  between	  dual-­‐task	  condition	  and	  trial	  was	  significant,	  F(4,34)=5.49,	  ηp2=.136,	  p<.001.	  Planned	  contrasts	  revealed	  that	  accuracy	  on	  two-­‐match	  trials	  (no-­‐go	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trials)	  was	  significantly	  worse	  in	  articulatory	  suppression	  (M=90.7%)	  than	  for	  foot-­‐tapping	  (M=94.8%),	  F(1,35)=22.10,	  ηp2=.387,	  p=.005.	  For	  no-­‐match	  trials	  (no-­‐go	  trials),	  participants	  also	  performed	  worse	  in	  articulatory	  suppression	  (M=87.8%)	  when	  compared	  to	  foot	  tapping	  (M=91.5%),	  F(1,35)=15.17,	  ηp2=.302,	  p<.001.	  Further,	  there	  were	  no	  significant	  differences	  in	  dual-­‐task	  condition	  for	  one-­‐match	  trials	  (go	  trials),	  F(1,35)=.37,	  ηp2=.010,	  p=.549	  (see	  Figure	  3B	  for	  accuracy	  means	  within	  trials	  by	  condition	  for	  the	  more	  no-­‐go	  frequency	  condition).	  Therefore,	  significant	  inner	  speech	  effects	  were	  observed	  only	  within	  no-­‐go	  trials	  even	  when	  	  no-­‐go	  trials	  are	  more	  frequent.	  To	  compare	  the	  two	  frequency	  conditions,	  further	  analyses	  were	  run	  to	  include	  the	  between	  subjects	  factor	  of	  frequency	  condition.	  This	  comparison	  tested	  whether	  the	  articulatory	  suppression	  effects	  between	  the	  two	  frequency	  conditions	  were	  different	  in	  magnitude.	  There	  was	  a	  significant	  main	  effect	  of	  frequency	  such	  that	  participants	  performed	  better	  overall	  in	  the	  more	  no-­‐go	  frequency	  (40%	  go	  trials)	  condition	  (M=92.4%)	  than	  in	  the	  more	  go	  condition	  (60%	  go	  trials)	  (M=85.4%),	  F(1,71)=20.94,	  ηp2=.388	  ,	  p<.001.	  More	  important,	  however,	  when	  just	  comparing	  foot	  tapping	  and	  articulatory	  suppression	  accuracies	  in	  the	  ANOVA,	  there	  was	  no	  significant	  three-­‐way	  interaction	  between	  frequency,	  dual-­‐task,	  and	  trial	  type	  indicating	  that	  articulatory	  suppression	  effects	  were	  equal	  across	  frequency	  conditions,	  F(2,70)=.547,	  ηp2=.016,	  p=.581.	  	  
Strategy	  Reports.	  As	  mentioned	  in	  the	  methods,	  strategy	  reports	  were	  collected	  after	  the	  experiment	  to	  understand	  how	  participants	  were	  completing	  this	  task	  and	  whether	  they	  noticed	  the	  use	  of	  inner	  speech	  during	  the	  task.	  No	  participants	  mentioned	  the	  use	  of	  verbal	  strategies	  or	  inner	  speech	  in	  the	  initial	  more	  general	  questions,	  and	  only	  10	  participants	  reported	  being	  aware	  of	  using	  a	  verbal	  strategy	  when	  specifically	  probed.	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Participants	  did	  not	  report	  very	  much	  about	  what	  they	  were	  doing,	  which	  was	  not	  useful	  in	  helping	  to	  explain	  what	  participants	  were	  using	  inner	  speech	  for	  in	  this	  task.	  However,	  hardly	  any	  participants	  even	  reported	  the	  use	  of	  inner	  speech	  when	  directly	  prompted	  even	  though	  this	  experiment	  is	  tapping	  some	  use	  of	  task-­‐related	  inner	  speech.	  	  
Discussion	  In	  Experiment	  2,	  both	  frequency	  conditions	  produced	  more	  errors	  in	  articulatory	  suppression	  within	  no-­‐go	  trials	  specifically	  despite	  the	  frequency	  of	  no-­‐go	  trials.	  Additionally,	  the	  magnitude	  of	  the	  articulatory	  suppression	  effects	  was	  no	  different	  between	  the	  two	  frequency	  conditions,	  even	  though	  participants	  performed	  better	  overall	  in	  the	  more	  no-­‐go	  condition.	  This	  indicates	  that	  inner	  speech	  was	  leading	  to	  the	  same	  effects	  even	  when	  no-­‐go	  trials	  were	  more	  frequent.	  The	  60%	  go	  trial	  condition	  replicated	  the	  pattern	  of	  results	  found	  in	  Experiment	  1,	  where	  significant	  articulatory	  suppression	  effects	  were	  observed	  only	  within	  no-­‐go	  trials.	  Although	  accuracies	  were	  higher	  overall,	  the	  40%	  go	  trial	  condition	  also	  had	  reduced	  accuracies	  only	  in	  the	  no-­‐go	  trials	  for	  the	  articulatory	  suppression	  condition.	  Thus	  frequency	  did	  not	  affect	  the	  use	  of	  inner	  speech	  in	  no-­‐go	  trials,	  especially	  since	  the	  magnitude	  of	  these	  effects	  was	  no	  different	  between	  frequency	  conditions.	  Therefore,	  these	  results	  support	  the	  stopping	  hypothesis	  	  
Experiment	  3	  
	   In	  this	  experiment,	  the	  goal	  was	  to	  determine	  whether	  inner	  speech	  effects	  can	  generally	  be	  attributed	  to	  not	  going	  in	  this	  task	  as	  opposed	  to	  the	  specific	  rules	  systematically	  used	  as	  go	  and	  no-­‐go	  trials	  in	  the	  previous	  experiments.	  The	  consistent	  mapping	  of	  the	  rules	  to	  go	  versus	  no-­‐go	  responses	  may	  have	  influenced	  the	  likelihood	  of	  recruiting	  inner	  speech	  on	  the	  two-­‐match	  and	  no-­‐match	  trials	  specifically	  because	  of	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perceptual	  dimensions	  of	  the	  stimuli,	  somehow	  making	  the	  two-­‐match	  and	  no-­‐match	  trials	  more	  difficult	  overall.	  One	  question	  remaining	  is	  whether	  reversing	  the	  mappings	  of	  go	  versus	  no-­‐go	  response	  will	  change	  the	  pattern	  of	  results	  found	  in	  Experiment	  1	  and	  2,	  ultimately	  supporting	  the	  labeling	  hypothesis,	  which	  would	  indicate	  that	  verbal	  representations	  are	  produced	  for	  those	  specific	  stimuli	  rather	  than	  for	  no-­‐go	  trials	  generally.	  	  Thus	  the	  mappings	  of	  the	  rules	  were	  reversed	  in	  this	  experiment	  with	  the	  frequencies	  of	  trials	  used	  from	  Experiment	  2B	  in	  the	  40%	  go	  condition.	  If	  significant	  articulatory	  suppression	  effects	  were	  again	  only	  found	  within	  no-­‐go	  trials,	  these	  results	  would	  continue	  to	  support	  the	  stopping	  hypothesis.	  
Methods	  
Participants.	  The	  participants	  were	  thirty-­‐six	  undergraduate	  students	  from	  the	  University	  of	  Colorado	  who	  participated	  in	  the	  study	  for	  Introductory	  Psychology	  course	  credit.	  One	  subject	  was	  unable	  to	  report	  the	  correct	  rules	  at	  the	  end	  of	  the	  experiment,	  and	  the	  data	  was	  replaced.	  
Materials	  and	  procedures.	  All	  procedures	  were	  identical	  to	  Experiment	  2	  in	  the	  more	  go	  condition,	  where	  go	  trials	  occurred	  60%	  of	  the	  time	  and	  no-­‐go	  trials	  occur	  40%	  of	  the	  time.	  However,	  the	  mappings	  of	  the	  responses	  to	  the	  rules	  were	  reversed	  such	  that	  two-­‐match	  and	  no-­‐match	  trials	  required	  a	  button	  press	  and	  occurred	  30%	  each	  and	  same-­‐color	  only	  and	  same-­‐shape	  only	  responses	  occurred	  20%	  each	  requiring	  no	  response.	  	  
Results	  Accuracy	  rates	  were	  analyzed	  in	  a	  3	  (dual-­‐task	  conditions)	  X	  3	  (trial	  types)	  within-­‐subjects	  ANOVA.	  RTs	  are	  reported	  in	  appendix	  1.	  An	  ANOVA	  using	  arcsine	  transformations	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of	  accuracies	  produced	  similar	  patterns.	  Shape	  only	  matches	  and	  color	  only	  matches	  were	  again	  collapsed	  for	  analysis.	  	  The	  main	  effect	  of	  condition	  was	  significant,	  indicating	  significant	  differences	  between	  the	  three	  dual-­‐task	  conditions	  (articulatory	  suppression,	  foot	  tapping,	  and	  control),	  F(2,35)=22.65,	  ηp2=.407,	  p	  <.001.	  Accuracies	  in	  articulatory	  suppression	  (M=90.8%)	  were	  significantly	  lower	  than	  for	  foot	  tapping	  (M=92.7%),	  F(1,35)=15.95,	  ηp2=.326,	  p<.001.	  There	  were	  significant	  differences	  in	  accuracies	  within	  trials,	  F(2,35)=53.83,	  ηp2=.619,	  p<.001,	  such	  that	  go	  trials	  (two	  match	  and	  one	  match)	  (M=96.9%)	  were	  significantly	  higher	  than	  for	  no-­‐go	  trials	  (one	  match)	  (M=84.2%),	  F(1,35)=58.71,	  ηp2=.640,	  p<.001.	  	   A	  significant	  interaction	  between	  condition	  and	  trial	  indicated	  differences	  in	  trials	  that	  depended	  on	  condition,	  F(4,34)=5.77,	  ηp2=.149,	  p<.001.	  Planned	  contrasts	  revealed	  significant	  differences	  within	  one-­‐match	  trials	  in	  accuracy	  when	  comparing	  articulatory	  suppression	  (M=80.2%)	  to	  foot	  tapping	  (M=85.1%),	  F(1,35)=14.02,	  ηp2=.298,	  p=.001.	  There	  were	  no	  significant	  differences	  overall	  between	  errors	  in	  the	  two	  match	  trials	  foot	  tapping	  (M=97.6%)	  and	  articulatory	  suppression	  (M=97.1%),	  F(1,35)=.582,	  ηp2=.017,	  p=.451,	  or	  for	  no	  match	  trials	  when	  comparing	  accuracies	  between	  foot	  tapping	  (M=95.3%)	  and	  articulatory	  suppression	  (M=95.0%),	  F(1,35)=.09,	  ηp2=.003,	  p=.773.	  Thus	  inner	  speech	  played	  a	  significant	  role	  only	  in	  no-­‐go	  trials	  (see	  Figure	  4	  for	  accuracy	  means	  within	  condition	  by	  trial	  type).	  	  
Discussion	   	  In	  Experiment	  3,	  articulatory	  suppression	  produced	  significantly	  more	  errors	  compared	  to	  foot	  tapping	  only	  in	  no-­‐go	  trials.	  Therefore,	  these	  results	  supported	  the	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stopping	  hypothesis	  particularly.	  If	  the	  two	  match	  and	  no	  match	  trials	  had	  been	  assisted	  by	  inner	  speech	  specifically	  because	  of	  the	  trials	  themselves	  leading	  to	  the	  results	  seen	  in	  Experiments	  1	  and	  2,	  then	  we	  would	  have	  observed	  a	  pattern	  where	  the	  negative	  effects	  of	  articulatory	  suppression	  continue	  to	  hurt	  these	  trials	  despite	  being	  go	  trials	  in	  this	  experiment.	  	  
Experiment	  4	  The	  results	  from	  Experiments	  1-­‐3	  are	  consistent	  with	  the	  stopping	  hypothesis,	  which	  is	  that	  inner	  speech	  is	  being	  used	  in	  this	  task	  to	  assist	  in	  stopping	  an	  action.	  In	  this	  experiment,	  response	  types	  were	  manipulated	  to	  test	  whether	  or	  not	  inner	  speech	  is	  facilitating	  the	  ability	  to	  stop	  on	  no-­‐go	  trials	  or	  whether	  taking	  an	  action	  is	  so	  prepotent	  that	  participants	  use	  speech	  more	  to	  help	  with	  stopping	  than	  with	  less	  frequent	  trials.	  Manipulations	  that	  reduced	  no-­‐go	  trials	  to	  frequencies	  less	  than	  40	  percent	  resulted	  in	  extremely	  poor	  performance	  in	  these	  less	  frequent	  trials,	  making	  it	  difficult	  to	  make	  no-­‐go	  trials	  very	  infrequent.	  Because	  this	  could	  not	  be	  tested,	  it	  has	  not	  been	  tested	  whether	  the	  prepotency	  of	  making	  a	  response	  as	  opposed	  to	  withholding	  a	  response	  could	  be	  more	  powerful	  than	  the	  effects	  of	  frequency	  in	  the	  two	  frequency	  conditions	  looked	  at	  in	  Experiment	  2.	  Additionally,	  self-­‐reports	  collected	  during	  Experiment	  2	  did	  not	  reveal	  that	  participants	  were	  aware	  of	  recruiting	  inner	  speech,	  thus	  it	  was	  necessary	  to	  compare	  the	  previous	  results	  with	  an	  experiment	  that	  removes	  the	  stopping	  component	  of	  the	  task.	  	  In	  order	  to	  accomplish	  this,	  we	  required	  participants	  to	  press	  one	  key	  for	  certain	  trials	  and	  then	  to	  press	  that	  key	  twice	  when	  they	  see	  other	  trials.	  This	  is	  similar	  to	  the	  go/	  no-­‐go	  task	  in	  that	  it	  does	  not	  require	  mappings	  to	  different	  keys	  but	  instead	  just	  adds	  an	  extra	  response	  on	  certain	  trials.	  If	  participants	  were	  commonly	  using	  language	  to	  help	  stop	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an	  action	  in	  the	  go/no-­‐go	  experiments,	  then	  the	  articulatory	  suppression	  effects	  that	  were	  previously	  observed	  should	  disappear	  in	  this	  experiment.	  However,	  if	  prepotency	  is	  driving	  the	  effect,	  then	  we	  should	  still	  observe	  articulatory	  suppression	  effects	  in	  the	  less	  frequent	  trial	  types	  because	  these	  will	  become	  less	  prepotent	  due	  to	  frequency	  because	  the	  stopping	  component	  has	  been	  removed.	  
Methods	  
Participants.	  The	  participants	  were	  forty-­‐two	  undergraduate	  students	  from	  the	  University	  of	  Colorado	  who	  participated	  in	  the	  study	  for	  Introductory	  Psychology	  course	  credit.	  	  
Materials	  and	  procedures.	  	  All	  procedures	  were	  identical	  to	  Experiment	  2	  in	  the	  more	  go	  condition	  (60%	  go	  trials).	  However,	  the	  mappings	  of	  the	  responses	  to	  the	  rules	  were	  such	  that	  two-­‐match	  and	  no-­‐match	  trials	  required	  participants	  to	  press	  the	  K	  key	  twice,	  and	  these	  occurred	  20%	  of	  the	  time	  each.	  The	  K	  key	  was	  pressed	  once	  on	  same-­‐color	  only	  and	  same-­‐shape	  only	  trials,	  which	  occured	  30%	  of	  the	  time	  each.	  
Results	  Accuracies	  were	  analyzed	  in	  a	  3	  (Dual-­‐Task	  Condition)	  by	  3	  (Trial	  Type)	  within	  subjects	  ANOVA.	  RTs	  are	  reported	  in	  appendix	  1.	  An	  ANOVA	  using	  arcsine	  transformations	  of	  accuracies	  produced	  similar	  patterns,	  but	  results	  are	  reported	  for	  raw	  accuracies.	  Shape	  only	  matches	  and	  color	  only	  matches	  were	  again	  collapsed	  for	  analysis.	  	  There	  was	  a	  significant	  main	  effect	  of	  condition,	  F(2,41)=13.84,	  ηp2=.244,	  p<.001,	  but	  there	  was	  no	  difference	  between	  the	  foot	  tapping	  (M=91.5%)	  and	  articulatory	  suppression	  conditions	  (M=91.1%),	  F(1,41)=2.87,	  ηp2=.063,	  p=.097	  (see	  Figure	  5	  for	  mean	  of	  conditions	  and	  trial	  types).	  There	  were	  significant	  differences	  between	  accuracies	  within	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trials,	  F(2,41)=20.62,	  ηp2=.324,	  p<.001,	  such	  that	  two	  match	  trials	  (M=95.4%)	  had	  better	  performance	  than	  no	  match	  trials	  (M=84.8%),	  F(1,41)=29.10,	  ηp2=.404,	  p<.001,	  and	  one	  match	  trial	  performance	  was	  better	  than	  no	  match	  trial	  performance,	  F(1,41)=32.80,	  ηp2=.433,	  p<.001.	  However,	  the	  important	  comparison	  here	  was	  the	  interaction	  effect	  to	  observe	  whether	  the	  effects	  of	  trial	  depended	  on	  the	  dual-­‐task	  condition.	  A	  significant	  interaction	  between	  condition	  and	  trial	  indicated	  differences	  between	  conditions	  within	  trial	  types,	  F(2,40)=7.30,	  ηp2=.145,	  p<.001.	  Further	  analysis	  revealed	  that	  participants	  performed	  better	  in	  foot	  tapping	  (M=90.5%)	  than	  articulatory	  suppression	  (M=88.6%)	  in	  one	  match	  trials,	  but	  there	  were	  no	  differences	  found	  in	  two	  match	  trials,	  F(1,41)=1.23,	  ηp2=.998,	  
p=.272,	  or	  in	  	  no	  match	  trials,	  F(1,41)=2.77,	  ηp2=.061,	  p=.103.	  	  
Discussion	  	  	   In	  this	  experiment,	  significant	  articulatory	  suppression	  effects	  were	  found	  for	  accuracy	  only	  within	  one-­‐match	  trials.	  This	  was	  a	  different	  result	  than	  what	  was	  found	  in	  previous	  experiments	  because	  the	  one	  match	  trials	  were	  more	  frequent	  and	  there	  was	  no	  stopping	  response	  in	  this	  experiment.	  Here	  the	  frequencies	  of	  the	  various	  trials	  were	  identical	  to	  the	  frequencies	  in	  Experiment	  2	  in	  the	  60%	  go	  frequency	  condition,	  yet	  the	  pattern	  of	  effects	  seen	  here	  was	  not	  such	  that	  articulatory	  suppression	  effects	  were	  observed	  in	  the	  less	  frequent	  trials	  as	  would	  be	  predicted	  by	  the	  frequency	  hypothesis.	  Therefore,	  these	  results	  suggest	  that	  participants	  were	  using	  inner	  speech	  in	  the	  previous	  go/no-­‐go	  version	  of	  the	  task	  for	  stopping,	  whereas	  it	  was	  being	  used	  differently	  in	  the	  present	  experiment,	  meaning	  that	  the	  frequency	  hypothesis	  is	  not	  supported.	  While	  we	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were	  not	  expecting	  to	  see	  effects	  of	  inner	  speech	  in	  the	  more	  common	  trial	  types,	  this	  is	  still	  contrary	  to	  the	  hypothesis	  that	  inner	  speech	  is	  being	  used	  on	  less	  prepotent	  trials.	  	  One	  explanation	  for	  this	  effect	  is	  that	  the	  manipulation	  of	  pressing	  a	  button	  once	  or	  twice	  might	  have	  induced	  a	  particular	  strategy	  because	  the	  trials	  had	  to	  do	  with	  either	  one	  aspect	  of	  the	  shapes	  matching	  or	  two	  aspects	  matching.	  This	  might	  explain	  why	  the	  effects	  moved	  to	  one	  match	  trials.	  However,	  overall,	  these	  results	  support	  the	  stopping	  hypothesis.	  	  One	  effect	  to	  be	  noted	  was	  now	  that	  the	  stopping	  component	  has	  been	  removed,	  participants	  are	  performing	  the	  best	  in	  the	  two	  match	  trials,	  which	  are	  more	  salient	  and	  correspond	  to	  two	  presses.	  Now,	  performance	  in	  the	  no	  match	  trials	  is	  more	  comparable	  to	  the	  one	  match	  trial	  accuracy,	  meaning	  that	  the	  struggle	  seems	  to	  be	  in	  differentiating	  between	  these	  two	  trials	  for	  this	  experiment.	  	  
Experiment	  5	  	   In	  Experiment	  4,	  there	  were	  certain	  strategies	  that	  mapped	  well	  onto	  the	  single	  and	  double	  press.	  For	  example,	  two	  matches	  corresponded	  with	  a	  double	  button	  press	  and	  one	  matches	  corresponded	  with	  a	  single	  button	  press.	  To	  ensure	  that	  these	  results	  were	  not	  related	  to	  this	  strategy,	  the	  same	  experiment	  was	  conducted,	  but	  instead	  of	  asking	  participants	  to	  press	  the	  button	  once	  or	  twice,	  participants	  were	  asked	  to	  map	  some	  rules	  to	  one	  button	  and	  the	  others	  to	  another	  button.	  Here,	  if	  the	  double-­‐press	  manipulation	  in	  Experiment	  4	  induced	  an	  idiosyncratic	  strategy,	  then	  the	  articulatory	  suppression	  effects	  would	  disappear	  here.	  	  
Methods	  
Participants.	  The	  participants	  were	  forty-­‐eight	  undergraduate	  students	  from	  the	  University	  of	  Colorado	  who	  participated	  in	  the	  study	  for	  Introductory	  Psychology	  course	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credit.	  Two	  participants	  were	  replaced	  because	  they	  were	  unable	  to	  report	  the	  correct	  rules	  at	  the	  end	  of	  the	  experiment.	  	  
Materials	  and	  procedures.	  All	  procedures	  were	  identical	  to	  Experiment	  4	  except	  the	  mappings	  of	  the	  responses	  to	  the	  rules	  were	  such	  that	  two-­‐match	  and	  no-­‐match	  trials	  required	  participants	  to	  press	  the	  H	  key	  with	  the	  index	  finger	  occurring	  20%	  each	  as	  before.	  The	  K	  key	  was	  pressed	  with	  another	  finger	  of	  the	  same	  hand	  on	  same-­‐color	  only	  and	  same-­‐shape	  only	  trials	  occurring	  30%	  each	  as	  before.	  
Results	  	  
	   Accuracy	  rates	  were	  analyzed	  in	  a	  3	  (Dual-­‐Task	  Condition)	  by	  3	  (Trial)	  within	  subjects	  ANOVA.	  RTs	  are	  reported	  in	  appendix	  1.	  An	  ANOVA	  using	  arcsine	  transformations	  of	  accuracies	  produced	  similar	  patterns.	  Again	  shape	  only	  matches	  and	  color	  only	  matches	  were	  combined	  for	  analysis.	  	  No	  significant	  differences	  were	  found	  for	  dual-­‐task	  condition,	  F(2,47)=.425,	  ηp2=.008,	  p=.655.	  There	  were	  significant	  differences	  in	  trials,	  F(2,46)=55.94,	  ηp2=.528,	  




Overall,	  the	  effects	  of	  articulatory	  suppression	  disappeared	  when	  participants	  mapped	  responses	  to	  different	  buttons.	  Although	  the	  frequencies	  of	  the	  trials	  were	  identical	  to	  Experiment	  4	  and	  Experiment	  2	  in	  60%	  go	  frequency	  condition,	  negative	  articulatory	  suppression	  effects	  disappeared.	  Thus	  inner	  speech	  was	  used	  to	  help	  stop	  an	  action	  in	  Experiments	  1-­‐3.	  Therefore,	  the	  stopping	  hypothesis	  is	  best	  supported	  by	  this	  data.	  Although,	  participants	  generated	  speech	  to	  help	  label	  certain	  types	  of	  trials	  as	  would	  be	  true	  of	  the	  labeling	  hypothesis,	  we	  can	  be	  more	  specific	  in	  saying	  that	  participants	  generally	  help	  recruit	  inner	  speech	  in	  the	  go/no-­‐go	  version	  of	  the	  task	  in	  order	  to	  label	  stop	  trials.	  	   One	  difference	  between	  this	  experiment	  and	  the	  previous	  go/no-­‐go	  experiments	  is	  that	  previous	  accuracies	  were	  higher	  in	  the	  more	  frequent	  trial	  type	  (which	  is	  usually	  the	  one-­‐match	  trails)	  because	  these	  are	  usually	  more	  frequent.	  However,	  in	  Experiment	  4,	  we	  observed	  this	  effect	  beginning	  to	  occur	  such	  that	  the	  two-­‐match	  trials	  became	  the	  most	  accurate	  trial	  type	  even	  though	  it	  was	  less	  frequent,	  and	  participants	  did	  not	  perform	  as	  well	  in	  one-­‐match	  trials	  despite	  being	  more	  frequent.	  Here	  the	  two-­‐match	  trial	  types	  still	  had	  the	  highest	  accuracies,	  and	  even	  more	  reduced	  accuracies	  are	  observed	  within	  one-­‐match	  trials.	  Because	  the	  double-­‐press	  condition	  may	  have	  induced	  strategies	  that	  mapped	  well	  onto	  responses,	  in	  Experiment	  5,	  having	  to	  map	  responses	  to	  separate	  buttons	  might	  have	  made	  it	  more	  difficult	  to	  respond	  as	  accurately	  on	  one	  match	  trials.	  	  
	  
General	  Discussion	  The	  goal	  of	  this	  study	  was	  to	  find	  further	  evidence	  for	  inner	  speech	  facilitating	  cognitive	  control	  capacities	  and	  to	  explore	  different	  hypotheses	  for	  how	  participants	  are	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using	  inner	  speech	  in	  this	  task.	  There	  were	  several	  mechanisms	  required	  of	  in	  the	  task	  including	  maintenance	  of	  multiple	  rules,	  response	  inhibition	  in	  the	  go/no-­‐go	  versions,	  and	  	  prepotency	  effects	  due	  to	  the	  frequency	  of	  trials.	  In	  Experiment	  1	  participants	  were	  spontaneously	  recruiting	  inner	  speech	  to	  facilitate	  performance,	  and	  inner	  speech	  was	  specifically	  impaired	  in	  no-­‐go	  trials,	  supporting	  either	  the	  frequency	  or	  stopping	  hypothesis.	  Experiment	  2	  concluded	  that	  even	  when	  no-­‐go	  trials	  were	  more	  frequent	  the	  magnitude	  of	  the	  articulatory	  suppression	  effects	  was	  the	  same,	  which	  does	  not	  support	  the	  frequency	  hypothesis.	  In	  Experiment	  3,	  the	  go	  and	  no-­‐go	  mappings	  were	  reversed,	  and	  decreases	  in	  performance	  due	  to	  articulatory	  suppression	  were	  observed	  again	  only	  in	  no-­‐go	  trials,	  providing	  further	  support	  for	  the	  stopping	  hypothesis.	  	  	  	   Finally	  in	  experiment	  4	  and	  5,	  when	  the	  stopping	  component	  was	  removed	  from	  the	  task,	  there	  was	  no	  longer	  any	  effect	  of	  articulatory	  suppression	  that	  could	  be	  attributed	  to	  prepotency	  or	  frequency,	  meaning	  that	  the	  negative	  effects	  of	  articulatory	  suppression	  observed	  in	  Experiments	  1-­‐3	  were	  not	  being	  driven	  by	  the	  prepotency	  of	  making	  a	  response.	  Instead,	  despite	  keeping	  the	  frequencies	  of	  trials	  used	  in	  the	  first	  three	  experiments,	  pressing	  one	  button	  or	  another	  instead	  of	  going	  or	  not	  going	  led	  to	  zero	  negative	  effects	  of	  articulatory	  suppression.	  Ultimately,	  these	  experiments	  provide	  support	  for	  the	  stopping	  hypothesis.	  While	  the	  labeling	  hypothesis	  provides	  a	  broader	  interpretation,	  that	  participants	  were	  labeling	  specific	  trials,	  we	  were	  able	  to	  narrow	  this	  to	  say	  that	  people	  were	  using	  language	  only	  in	  trials	  that	  required	  them	  to	  stop.	  Although	  there	  were	  articulatory	  suppression	  effects	  observed	  in	  one	  match	  single	  press	  trials	  in	  Experiment	  4,	  this	  most	  likely	  occurred	  because	  of	  an	  idiosyncratic	  response	  strategy	  that	  mapped	  well	  onto	  the	  task.	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These	  results	  are	  similar	  to	  the	  results	  found	  by	  Tullett	  &	  Inzlecht	  (2010)	  on	  a	  simpler	  go/no-­‐go	  task.	  As	  mentioned	  in	  the	  introduction,	  they	  compared	  an	  articulatory	  suppression	  condition	  to	  a	  hand	  pattern	  tapping	  condition	  and	  found	  that	  commission	  errors	  were	  more	  frequent	  under	  articulatory	  suppression	  and	  that	  RT’s	  were	  shorter	  in	  this	  condition,	  leading	  to	  the	  conclusion	  that	  participants	  were	  more	  impulsive	  when	  inner	  speech	  was	  impaired.	  While	  these	  results	  do	  support	  the	  idea	  that	  participants	  make	  more	  commission	  errors	  while	  under	  articulatory	  suppression,	  at	  least	  in	  the	  go/no-­‐go	  version	  of	  the	  task,	  whether	  this	  is	  reflecting	  impulsivity	  is	  more	  questionable	  since	  frequency	  of	  trial	  types	  does	  not	  produce	  similar	  effects.	  If	  participants	  were	  more	  impulsive,	  the	  less	  prepotent	  trials	  would	  be	  expected	  to	  show	  effects	  also	  since	  the	  more	  frequent	  response	  would	  have	  to	  be	  overridden.	  Additionally,	  we	  see	  no	  evidence	  of	  more	  errors	  in	  articulatory	  suppression	  once	  the	  stopping	  component	  is	  removed	  from	  the	  task,	  indicating	  that	  articulatory	  suppression	  does	  not	  lead	  to	  general	  impulsivity.	  Otherwise	  we	  might	  expect	  to	  see	  articulatory	  suppression	  effects	  in	  less	  prepotent	  trials	  or	  less	  frequent	  trials.	  	  	  However,	  because	  we	  were	  unable	  to	  manipulate	  extreme	  frequencies	  in	  the	  go/no-­‐go	  version	  of	  the	  task,	  it	  is	  still	  possible	  that	  inner	  speech	  can	  be	  useful	  when	  prepotency	  is	  stronger	  as	  would	  be	  the	  case	  with	  more	  extreme	  frequencies	  of	  trial	  types.	  However,	  because	  the	  magnitude	  of	  the	  articulatory	  suppression	  effects	  in	  Experiment	  2	  did	  not	  decrease	  between	  the	  frequency	  conditions,	  and	  because	  there	  were	  no	  effects	  of	  articulatory	  suppression	  in	  Experiment	  5,	  this	  hypothesis	  is	  not	  supported	  very	  well	  by	  these	  results.	  It	  might	  be	  that	  the	  60/40	  manipulation	  used	  here	  did	  not	  make	  one	  response	  particularly	  prepotent,	  and	  if	  one	  response	  were	  more	  extremely	  prepotent	  than	  we	  would	  start	  to	  observe	  negative	  effects	  of	  articulatory	  suppression	  in	  these	  less	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frequent	  trials.	  This	  would	  still	  compatible	  with	  the	  stopping	  hypothesis	  to	  some	  degree	  because	  when	  a	  response	  is	  very	  prepotent,	  overcoming	  it	  is	  similar	  to	  stopping.	  In	  fact,	  it	  has	  been	  argued	  that	  response	  inhibition	  is	  more	  about	  monitoring	  for	  conflict,	  and	  less	  about	  inhibiting	  a	  response,	  indicating	  that	  stopping	  in	  this	  task	  is	  difficult	  because	  the	  conflict	  is	  high.	  	  While	  the	  results	  of	  Kray	  and	  Karbach	  (2008)	  suggested	  that	  naming	  the	  perceptual	  dimensions	  of	  the	  stimuli	  was	  more	  useful	  than	  naming	  the	  action	  to	  take	  in	  a	  stop	  signal	  task,	  this	  did	  not	  prove	  to	  be	  the	  case	  here.	  These	  results	  suggest	  that	  naming	  the	  action	  might	  actually	  be	  more	  beneficial	  for	  this	  task.	  	  Because	  we	  now	  understand	  what	  aspect	  of	  this	  task	  recruited	  inner	  speech	  the	  most,	  this	  can	  now	  be	  broadened	  and	  tested	  across	  other	  response	  inhibition	  tasks	  that	  require	  a	  stopping	  component.	  Although,	  the	  stop	  signal	  task	  was	  tested,	  it	  would	  be	  useful	  to	  understand	  why	  the	  results	  attained	  with	  verbal	  labeling	  in	  the	  Karbach	  &	  Kray	  (2008)	  study	  were	  different	  than	  the	  results	  attained	  here	  and	  in	  the	  Tullett	  &	  Inzlecht	  (2010)	  study.	  If	  the	  difficulty	  of	  the	  stop	  task	  were	  manipulated,	  or	  if	  dual-­‐tasks	  were	  used,	  than	  this	  might	  reveal	  more	  commonalities	  between	  the	  effects	  of	  inner	  speech	  in	  a	  stop	  signal	  task	  and	  a	  go/no-­‐go	  task,	  allowing	  for	  further	  generalization	  of	  the	  role	  of	  language	  in	  response	  inhibition.	  	  In	  fact,	  there	  may	  be	  many	  situations	  that	  have	  yet	  to	  be	  explored	  where	  executive	  functions	  are	  assisted	  through	  the	  use	  of	  inner	  speech.	  Here,	  we	  have	  shown	  that	  there	  are	  instances	  in	  which	  inner	  speech	  can	  be	  quite	  useful	  to	  help	  oneself	  stop	  an	  action	  and	  therefore,	  useful	  in	  broader	  executive	  function	  abilities.	  In	  the	  past,	  it	  has	  been	  shown	  to	  be	  an	  internal-­‐cuing	  device	  that	  is	  particularly	  useful	  in	  task-­‐switching	  scenarios	  (Miyake	  et	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   Figure	  1	  
	  
	  
Figure	  1:	  The	  different	  trial	  types	  are	  shown	  with	  frequencies	  for	  each	  experiment.	  One	  match	  trials	  are	  grouped	  together	  for	  analysis,	  but	  are	  distinguished	  as	  different	  rules	  for	  the	  participant	  so	  the	  frequencies	  are	  half	  for	  one-­‐shape	  and	  half	  for	  one-­‐color.	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Figure	  2	  	  
	  	  




Figure	  3A:	  60%	  Go	  Trial	  Condition	  
	  





Figure	  3:	  Experiment	  3	  shows	  the	  more	  frequent	  go	  trial	  condition	  compared	  to	  more	  frequent	  no-­‐go	  trial	  condition.	  Replicates	  finding	  of	  Experiment	  1	  minus	  the	  one	  shape	  trials	  with	  the	  same	  proportion	  of	  go	  versus	  no-­‐trails	  as	  used	  in	  Experiment	  1.	  Significant	  differences	  between	  foot	  tapping	  and	  articulatory	  suppression	  are	  found	  only	  within	  no-­‐go	  trials	  for	  both	  experiments	  and	  the	  magnitude	  of	  these	  effects	  is	  the	  same.	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Figure	  4	  	  
	  	  





Figure	  5	  	  
	  	  	  
Figure	  5:	  In	  Experiment	  4,	  when	  the	  stopping	  component	  was	  removed	  and	  participants	  instead	  press	  a	  button	  twice	  for	  what	  were	  previously	  no-­‐go	  trials,	  articulatory	  suppression	  effects	  are	  significant	  when	  compared	  to	  foot	  tapping	  within	  one	  match	  trials	  in	  which	  they	  press	  a	  button	  once.	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Figure	  6	  	  
	  	  
Figure	  6:	  No	  effects	  of	  articulatory	  suppression	  are	  found	  in	  Experiment	  5	  where	  participants	  press	  wither	  one	  key	  or	  another	  instead	  of	  not	  going.	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Appendix	  	   RTs	  are	  reported	  for	  all	  five	  experiments	  	  
Experiment	  1	  RTs	  Both	  error	  RTs	  and	  correct	  response	  times	  were	  analyzed	  in	  a	  3	  (dual-­‐task	  condition)	  by	  4	  (trial)	  within	  subjects	  ANOVA.	  RTs	  were	  log	  transformed	  for	  analysis.	  One	  thing	  to	  keep	  in	  mind	  is	  that	  these	  are	  correct	  response	  times	  for	  one-­‐match	  trials	  and	  one-­‐shape	  trials	  only,	  in	  which	  there	  were	  no	  differences	  in	  accuracy	  when	  comparing	  articulatory	  suppression	  to	  foot	  tapping.	  Also,	  error	  RTs	  were	  from	  no-­‐go	  trials	  where	  the	  articulatory	  suppression	  effects	  in	  accuracy	  were	  found.	  There	  was	  a	  main	  effect	  of	  condition,	  F(2,41)=6.09,	  ηp2=.135,	  p=.003.	  However,	  planned	  contrasts	  revealed	  that	  there	  was	  no	  significant	  difference	  between	  the	  foot	  tapping	  and	  the	  articulatory	  suppression	  condition,	  F(2,41)=2.82,	  ηp2=.067,	  p=.101.	  The	  effect	  of	  trial	  was	  also	  significant	  indicating	  differences	  in	  RT’s	  within	  trials,	  F(3,41)=70.13,	  ηp2=.643,	  p<.001	  (see	  table	  1	  for	  means	  and	  standard	  deviations	  for	  RT’s	  in	  conditions	  and	  trials).	  Just	  looking	  at	  correct	  responses	  in	  a	  3	  (condition)	  by	  2	  (trials),	  which	  occurred	  on	  one	  match	  and	  one	  shape	  trials,	  there	  was	  an	  overall	  effect	  of	  condition	  on	  correct	  RT’s,	  F(2,41)=	  12.41,	  ηp2=.232,	  p<.001,	  such	  that	  articulatory	  suppression	  RT’s	  were	  faster	  than	  foot	  tapping,	  F(1,41)=4.85,	  ηp2=.106,	  p=.033.	  However,	  planned	  contrasts	  revealed	  that	  articulatory	  suppression	  RT’s	  were	  only	  significantly	  shorter	  on	  one	  match	  trials,	  F(1,41)=9.82,	  ηp2=.193,	  p=.003,	  and	  there	  was	  no	  difference	  in	  one	  shape	  trials,	  F(1,41)=.82,	  ηp2=.019,	  p=.372.	  Additionally,	  articulatory	  suppression	  RT’s	  were	  longer	  than	  control	  RT’s	  overall	  for	  correct	  RT’s,	  F(2,41)=6.82,	  ηp2=.143,	  p=.013.	  There	  was	  a	  main	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effect	  of	  trials	  such	  that	  one	  shape	  trials	  took	  less	  time	  than	  one	  match	  trials	  overall,	  F(1,41)=28.52,	  ηp2=.410,	  p<.001.	  Also,	  the	  significant	  interaction	  found	  for	  trial	  and	  condition,	  F(2,40)=9.57,	  ηp2=.189,	  p<.001,	  was	  being	  driven	  by	  the	  fact	  that	  the	  control	  RT’s	  for	  the	  one	  shape	  trials	  were	  shorter	  than	  on	  the	  articulatory	  suppression	  trials,	  F(1,41)=20.36,	  ηp2=.332,	  p<.001,	  but	  longer	  in	  the	  one	  match	  trials	  F(1,41)=9.82,	  ηp2=.193,	  
p=.003.	  	  	   Error	  RT’s	  were	  also	  analyzed	  independently	  in	  a	  3	  (condition)	  by	  2	  (trials),	  which	  occurred	  on	  two	  match	  and	  no	  match	  trials.	  There	  was	  no	  main	  effect	  of	  condition	  indicating	  that	  there	  were	  no	  differences	  in	  how	  fast	  error	  trials	  were,	  F(2,41)=1.52,	  ηp2=.038,	  p=.225.	  No	  match	  trial	  error	  RT’s	  were	  significantly	  longer	  than	  two	  match	  error	  RT’s,	  F(1,41)=50.03,	  ηp2=.562,	  p<.001.	  There	  was	  no	  significant	  interaction	  between	  trial	  and	  condition	  indicating	  no	  differences	  within	  trials	  for	  condition,	  F(2,40)=.81,	  ηp2=.020,	  
p=.447.	  	  
Experiment	  2	  RT’s	  Error	  RT’s	  and	  correct	  RT’s	  were	  analyzed	  in	  two	  3	  (dual-­‐task	  condition)	  by	  4	  (trial)	  within	  subjects	  ANOVA’s	  for	  each	  frequency	  condition.	  Log	  transformed	  RT’s	  were	  used	  for	  analysis.	  RT’s	  were	  log	  transformed	  for	  analysis.	  Remember	  that	  correct	  response	  times	  are	  for	  one-­‐match	  trials	  only,	  in	  which	  there	  were	  no	  differences	  in	  accuracy	  when	  comparing	  articulatory	  suppression	  to	  foot	  tapping.	  Also,	  error	  RT’s	  were	  from	  no-­‐go	  trials	  where	  the	  articulatory	  suppression	  effects	  in	  accuracy	  were	  found	  in	  both	  frequency	  conditions.	  	  For	  the	  more	  go	  frequency	  condition	  (60%	  go),	  there	  was	  a	  main	  effect	  of	  condition,	  F(2,35)=3.50,	  ηp2=.105,	  p=.036.	  Planned	  contrasts	  revealed	  that	  people	  performed	  faster	  in	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the	  articulatory	  suppression	  condition	  than	  in	  the	  control	  condition,	  F(1,35)=6.42,	  ηp2=.176,	  p=.017,	  but	  there	  was	  no	  difference	  in	  RT’s	  between	  the	  articulatory	  suppression	  and	  the	  control	  condition,	  F(1,35)=.137,	  ηp2=.005,	  p=.714.	  The	  main	  effect	  of	  trial	  was	  also	  significant	  indicating	  differences	  in	  RT’s	  within	  trials,	  F(3,35)=178.73,	  ηp2=.856,	  p<.001	  (see	  table	  2A	  for	  means	  and	  standard	  deviations	  for	  RT’s	  in	  conditions	  and	  trials	  for	  this	  condition).	  Just	  looking	  at	  correct	  responses	  for	  the	  more	  go	  frequency	  condition	  in	  a	  3-­‐way	  (condition)	  within	  subjects	  ANOVA,	  which	  were	  only	  able	  to	  be	  recorded	  on	  one	  match	  trials.	  .	  There	  were	  significant	  differences	  in	  condition,	  F(2,35)=11.71,	  ηp2=.262,	  p<.001,	  such	  that	  people	  were	  faster	  overall	  in	  articulatory	  suppression	  than	  in	  foot	  tapping,	  F(1,35)=14.42,	  ηp2=.262,	  p<.001.	  However,	  there	  was	  no	  difference	  between	  RT’s	  in	  articulatory	  suppression	  and	  the	  control	  condition,	  F(1,35)=.001,	  ηp2<.001,	  p=.972.	  	   Error	  RT’s	  were	  also	  analyzed	  independently	  in	  a	  3	  (condition)	  by	  2	  (trials)	  for	  the	  more	  go	  frequency	  condition,	  which	  were	  able	  to	  be	  recorded	  on	  two	  match	  and	  no	  match	  trials	  for	  commission	  errors.	  There	  was	  no	  main	  effect	  of	  condition	  indicating	  that	  there	  were	  no	  differences	  in	  how	  fast	  error	  trials	  were	  between	  dual-­‐task	  conditions,	  F(2,35)=1.94,	  ηp2=.061,	  p=.153.	  No	  match	  trial	  error	  RT’s	  were	  significantly	  longer	  than	  two	  match	  error	  RT’s,	  F(1,35)=20.81,	  ηp2=.410,	  p<.001.	  There	  was	  no	  significant	  interaction	  between	  trial	  and	  condition	  indicating	  no	  differences	  within	  trials	  for	  condition,	  F(2,34)=1.66,	  ηp2=.052,	  p=.199.	  	  Finally,	  RT’s	  were	  analyzed	  for	  the	  more	  no-­‐go	  frequency	  condition	  (40%	  go	  trials)	  in	  a	  3	  (condition)	  by	  3	  (trials)	  within	  subjects	  ANOVA.	  There	  were	  no	  significant	  differences	  in	  condition	  indicating	  that	  the	  dual-­‐tasks	  didn’t	  produce	  differential	  RT”s	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overall,	  F(2,35)=11.71,	  ηp2=.262,	  p<.001.	  There	  were	  differences	  within	  trials,	  F(1,35)=40.2,	  ηp2.607,	  p<.001,	  and	  a	  significant	  interaction	  between	  condition	  and	  trial,	  F(4,34)=4.21,	  ηp2=.139,	  p=.003	  (see	  table	  2B	  for	  RT	  means	  within	  conditions	  and	  trials).	  	  Just	  looking	  at	  correct	  responses	  for	  the	  more	  no-­‐go	  frequency	  condition	  in	  a	  3-­‐way	  (condition),	  which	  were	  only	  able	  to	  be	  recorded	  on	  one	  match	  trials.	  .	  There	  were	  significant	  differences	  in	  condition,	  F(2,41)=25.12,	  ηp2=..418,	  p<.003,	  such	  that	  people	  were	  faster	  overall	  in	  articulatory	  suppression	  than	  in	  foot	  tapping,	  F(1,41)=37.94,	  ηp2=.520,	  
p<.001.	  However,	  there	  was	  no	  difference	  between	  RT’s	  in	  articulatory	  suppression	  and	  the	  control	  condition,	  F(1,41)=.334,	  ηp2=.009,	  p=.567.	  Error	  RT’s	  were	  also	  analyzed	  independently	  in	  a	  3	  (condition)	  by	  2	  (trials)	  for	  the	  more	  no-­‐go	  frequency	  condition,	  which	  were	  able	  to	  be	  recorded	  on	  two	  match	  and	  no	  match	  trials	  for	  commission	  errors.	  There	  was	  no	  main	  effect	  of	  condition	  indicating	  that	  there	  were	  no	  differences	  in	  how	  fast	  error	  trials	  were	  between	  dual-­‐task	  conditions,	  F(2,35)=.176,	  ηp2=.007,	  p=.839.	  There	  was	  also	  no	  main	  effect	  of	  trial	  type,	  F(1,35)=3.11,	  ηp2=.107,	  p<.090.	  	  
Experiment	  3	  RTs	  
	  Correct	  and	  error	  RT’s	  were	  analyzed	  in	  3(dual-­‐task	  condition)	  by	  3(trial)	  ANOVA.	  RT’s	  were	  log	  transformed	  for	  analysis.	  For	  this	  experiment	  one	  match	  trials	  represent	  error	  RT’s	  and	  two	  match	  and	  no	  match	  trials	  are	  accurate	  RT’s.	  	  There	  was	  a	  significant	  main	  effect	  of	  condition,	  F(2,35)=23.87,	  ηp2=.420,	  p<.001.	  Articulatory	  suppression	  RT’s	  were	  significantly	  faster	  than	  foot	  tapping	  RT’s,	  F(1,35)=39.69,	  ηp2=.546,	  p<.001.	  However,	  articulatory	  suppression	  RT’s	  were	  not	  faster	  than	  control	  RT’s,	  F(1,35)=1.78,	  ηp2=.051,	  p=.191.	  There	  were	  significant	  differences	  within	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RT’s	  for	  trials,	  F(2,35)=46.98,	  ηp2=.587,	  p<.001,	  but	  there	  was	  no	  significant	  interaction	  between	  condition	  and	  trial	  type	  indicating	  no	  differences	  in	  condition	  effects	  within	  trials,	  F(4,34)=.315,	  ηp2=.009,	  p=.868	  (see	  figure	  3	  for	  RT	  means	  within	  trials	  and	  conditions).	  To	  look	  at	  differences	  within	  trials,	  accurate	  RT’s	  were	  analyzed	  independently	  for	  no	  match	  trials	  and	  two	  match	  trials.	  There	  was	  a	  significant	  main	  effect	  of	  condition,	  F(2,35)=31.60,	  ηp2=.489,	  p<.001,	  such	  that	  articulatory	  suppression	  RT’s	  were	  faster	  than	  foot	  tapping	  RT’s,	  F(1,35)=92.00,	  ηp2=.736,	  p<.001.	  However,	  there	  was	  no	  difference	  between	  articulatory	  suppression	  and	  control	  RT’s,	  F(1,35)=491,	  ηp2=.015,	  p=.488.	  Additionally,	  two	  match	  trials	  were	  faster	  than	  no	  match	  trials	  overall,	  F(1,35)=120.32,	  ηp2=.785,	  p<.001,	  but	  there	  was	  no	  interaction	  between	  condition	  and	  trial	  indicating	  that	  the	  effects	  for	  dual-­‐task	  condition	  were	  the	  same	  in	  both	  trials,	  F(2,34)=.039,	  ηp2=.001,	  
p=.962.	  Error	  RT’s	  for	  the	  more	  no-­‐go	  trial	  frequency	  condition	  were	  also	  analyzed	  in	  a	  3-­‐way	  (dual-­‐task	  condition)	  ANOVA	  for	  one	  match	  trials.	  There	  were	  differences	  in	  conditions,	  F(2,35)=4.37,	  ηp2=.117,	  p=.016,	  such	  that	  people	  were	  significantly	  faster	  overall	  in	  error	  RT’s	  in	  the	  articulatory	  suppression	  condition	  compared	  to	  foot	  tapping,	  F(1,35)=7.37,	  ηp2=.189,	  p<.010.	  However,	  there	  was	  no	  difference	  in	  error	  RT’s	  between	  the	  control	  condition	  and	  the	  articulatory	  suppression	  condition,	  F(1,35)=1.44,	  ηp2=.042,	  
p=.237.	  	  
Experiment	  4	  RT’s	  Correct	  RT’s	  were	  analyzed	  in	  a	  3	  (dual-­‐task-­‐condition)	  by	  3	  (trial	  type)	  ANOVA.	  .	  Log	  transformed	  RT’s	  were	  used	  for	  analysis.	  There	  were	  differences	  in	  condition,	  F(2,40)=6.91,	  ηp2=.138,	  p=.002,	  such	  that	  people	  were	  faster	  overall	  in	  the	  articulatory	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suppression	  condition	  compared	  to	  foot	  tapping,	  F(1,41)=11.78,	  ηp2=.215,	  p=.001.	  However,	  there	  were	  no	  differences	  between	  articulatory	  suppression	  RT’s	  and	  control	  RT’s,	  F(1,35)=.452,	  ηp2=.010,	  p=.505.	  Because	  a	  double-­‐press	  was	  required	  on	  two	  of	  the	  trial	  types,	  these	  RT’s	  by	  default	  are	  longer,	  so	  comparisons	  cannot	  be	  made	  between	  trial	  types	  (see	  figure	  4	  for	  means	  within	  conditions	  and	  trial	  types).	  
Experiment	  5	  RTs	  Correct	  RT’s	  were	  analyzed	  in	  a	  3	  (dual-­‐task-­‐condition)	  by	  3	  (trial	  type)	  ANOVA.	  Log	  transformed	  RT’s	  were	  used	  for	  analysis.	  There	  were	  differences	  in	  condition,	  F(2,40)=9.70,	  ηp2=.162,	  p<.001,	  such	  that	  people	  were	  faster	  overall	  in	  the	  articulatory	  suppression	  condition	  compared	  to	  foot	  tapping,	  F(1,41)=19.88,	  ηp2=.284,	  p<001	  and	  when	  compared	  to	  the	  control	  condition,	  F(1,41)=9.23,	  ηp2=.156,	  p=.004	  (see	  table	  5	  for	  RT	  means	  in	  conditions	  and	  trials)	  .	  	  	   Unlike	  in	  the	  previous	  experiments,	  here,	  the	  more	  frequent	  trial	  type	  was	  also	  the	  trials	  that	  participants	  performed	  the	  worst	  on	  in	  this	  experiment.	  Previously,	  people	  have	  performed	  better	  on	  the	  more	  frequent	  trials,	  even	  when	  they	  are	  one-­‐match	  trials.	  To	  try	  to	  understand	  this,	  one	  match	  trial	  RT’s	  were	  compared	  to	  the	  other	  two	  trial	  types.	  One	  match	  trials	  had	  significantly	  slower	  RT’s	  overall	  than	  the	  other	  two	  trials	  combined,	  F(2,41)=17.08,	  ηp2=.255,	  p<.001.	  This	  could	  mean	  that	  they	  required	  more	  effort	  under	  these	  conditions,	  meaning	  that	  this	  led	  to	  more	  errors	  in	  this	  trial	  type.	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  Table	  1	  	  
Means	  and	  standard	  deviations	  of	  RTs	  for	  Experiment	  1.	  Go	  trials	  occurred	  60	  percent	  of	  the	  
time.	  	   	  	  	   One-­‐Match	  	  (Go)	  	  
CORRECT	  RT	   One	  Shape	  	  (Go)	  CORRECT	  RT	   Two	  Match	  (No-­‐go)	  ERROR	  RT	   No	  Match	  	  (No-­‐go)	  ERROR	  RT	  
Dual-­‐Task	  
Condition	   Mean	   SD	   Mean	   SD	   Mean	   SD	   Mean	   SD	  Articulatory	  Suppression	   611	   87	   587	   60	   518	   64	   577	   83	  Foot	  Tapping	   625	   84	   594	   74	   533	   88	   581	   67	  Control	  	   612	   99	   562	   63	   523	   98	   560	   92	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  Table	  2	  	  
Means	  and	  standard	  deviations	  for	  RTs	  in	  Experiment	  2.	  Table	  A	  is	  the	  60%	  go	  trial	  frequency	  
and	  Table	  B	  is	  the	  40%	  go	  trial	  frequency	   	  	  	   A.	   One-­‐Match	  	  (Go)	  	  
CORRECT	  RT	   Two	  Match	  (No-­‐go)	  ERROR	  RT	   No	  Match	  	  (No-­‐go)	  ERROR	  RT	  
Dual-­‐Task	  
Condition	   Mean	   SD	   Mean	   SD	   Mean	   SD	  Articulatory	  Suppression	   584	   90	   512	   104	   543	   140	  Foot	  Tapping	   612	   104	   539	   130	   566	   128	  Control	  	   585	   99	   504	   108	   567	   139	  	  	  	  	  	  	  B.	   One-­‐Match	  	  (Go)	  	  
CORRECT	  RT	   Two	  Match	  (No-­‐go)	  ERROR	  RT	   No	  Match	  	  (No-­‐go)	  ERROR	  RT	  
Dual-­‐Task	  
Condition	   Mean	   SD	   Mean	   SD	   Mean	   SD	  Articulatory	  Suppression	   643	   121	   545	   143	   569	   115	  Foot	  Tapping	   694	   148	   562	   152	   606	   148	  Control	  	   650	   140	   538	   188	   584	   157	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  Table	  3	  	  
Means	  and	  standard	  deviations	  for	  RTs	  in	  Experiment	  3.	  Go	  trials	  occur	  60%	  of	  the	  time.	  	  
	  
	  	   	   One-­‐Match	  	  (No-­‐go)	  	  
ERROR	  RT	   Two	  Match	  (Go)	  CORRECT	  RT	   No	  Match	  	  (Go)	  CORRECT	  RT	  
Dual-­‐Task	  
Condition	   Mean	   SD	   Mean	   SD	   Mean	   SD	  Articulatory	  Suppression	   549	   95	   546	   77	   614	   98	  Foot	  Tapping	   604	   145	   595	   102	   666	   116	  Control	  	   566	   91	   555	   112	   622	   120	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  Table	  4	  	  




	   	  	   One-­‐Match	  	  (Single	  Press)	  	   Two	  Match	  (DoublePress)	  	   No	  Match	  	  (DoublePress)	  
Dual-­‐Task	  
Condition	   Mean	   SD	   Mean	   SD	   Mean	   SD	  Articulatory	  Suppression	   571	   131	   778	   128	   944	   198	  Foot	  Tapping	   597	   189	   805	   130	   972	   189	  Control	  	   580	   157	   792	   139	   938	   189	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  Table	  5	  	  	  
Means	  and	  standard	  deviations	  for	  RTs	  in	  Experiment	  5.	  Here	  participants	  pressed	  K	  60%	  of	  
the	  time.	  	  
	  
	  
	   	   One-­‐Match	  	  (Press	  K)	  	   Two	  Match	  (Press	  H)	   No	  Match	  	  (Press	  H)	  
Dual-­‐Task	  
Condition	   Mean	   SD	   Mean	   SD	   Mean	   SD	  Articulatory	  Suppression	   751.1	   156.8	   673.08	   131.5	   782.1	   179.6	  Foot	  Tapping	   795.3	   201.2	   719.8	   163.9	   828.8	   207.7	  Control	  	   791.5	   211.7	   712.2	   183.1	   831.9	   231.6	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